
D a Distance between the transmitter and receiver, miles.

This is the cell radius.

L = Free-space loss over a distance D, at frequency f (~IHz)

= 36.58 + 20 log(O + 20 lor D, dB

A = Attenuation due to rain over a distance D miles.

correspondinr to a specified availability

Gr = Receiver antenna rain, dBi. For parabolic dish with
.

55% efficiency this equals 20 lor ftMHz) + 20 log

d - 52.6. dBi, where d is the dish diameter in feet

NF = Receiver noise figure, dB

T = Receiver noise temperature, .oK,

300 (10o.1NF - 1.0)

k = Boltzmann's constant, -228.6 dB

B = Noise bandwidth of the camer, MHz

R = Rain rate corresponding to a specified availabilit~

requirement, mmlhr

C = Video carrier power at the receiver antenna output,

dBW

CNR = Carrier-to-noise ratio (dB), in bandwidth B

Then

C = (ERP/carrier) - L - A + Gr. dBW

CNR = C - k -(10 log B + 60.0) - 10 log T, dB

The value of ERP/carrier can then be determined using the equation

(ERP/camer) = CNR + L + A - Gr + k +00 log B + 60,0)
+ 10 log T, dBW
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which relates the required carrier-to-noise ratio of the system, the path loss

between transmitter and receiver, the noise characteristics of the receiver, and

the effective radiated power of the transmitter.

3. Rain Attenuation

Examination of the previous equation for the required effective radiated

power indicates a single parameter which is not controlled by the system

designer. the attenuation due to rain (A). To achieve reliable communications.

this factor must be taken into account so that the controllable system parameters

(e.g. ERP. receiver noise figure, antenna gain) can be specified to compensate for

its deleterious effects.

Rain attenuation prediction models are discussed in detail in Appendix A- .

1. The attenuation due to rain is shown to be a function of the rain rate in

mm/hour for a specified availability requirement.

In this study we selected New York and Los Angeles as cities with high

population density and where wireless cable TV distribution has a significant

opportunity for deployment. For rain availability, a service level of 99.9% at the

circumference (fringe) of the cell in an average year was chosen. This is

somewhat better than the typical DBS specifications of 99% availability in the

worst month of an average year (WARC '77). In addition, a worst case situation

was assumed in which the maximum rainfall intensity was homogeneous

throughout the cell. In reality, rainfall over a large area is not uniform and the

maximum intensity is usually limited to a diameter of less than one mile.

Attenuation values for various availabilities and distances for different

regions of the U. S. can be found in the appendix along with rain rate contours.

This data will be used for link calculations in latter sections.
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4. CNR aDd SNR ReqairemeDts tor Moc:taIatloD ('.arvUdates

The signal-to-noise ratio (8NR) of the baseband signal is a measure of the

quality nf the signal. In video transmissions, a viewer will judge a picture with a

high SNR of higher quality than one which has a lower SNR. A result of several

studies indicate that viewers will j, .:lge a picture which has a SNR of 55 dB to be

"excellent" and 90% of the viewers would rate a picture with a SNR of 42 dB to be

"fine".

The carrier-to-noise ratio (CNR) is related to the 8NR, but the relationship

is dependent on the type of modulation l.:.sed. The following discussion will show

that FM systems are capable of providing higher SNR'. than AM systems for the

same CNR. This is import::nt because as the link equation shows, the effective

radiated power requirement is directly proportional to the CNR. Therefore. an

FM system will require less power for the same picture quality. A discussion of

digital modulation is included because it is an emerging technology with possible

. future applications in the Suite 12 system.

We will determine the ERP required per video carrier for three

differenttypes of modulation:

FM channels of different bandwidth

AM channels of 6 MHz bandwidth

Digital transmissions of different types

FM Channels: For FM and AM carriers, the performance is determined through

the baseband signal-to-noise ratio values:

SNR =CNR + VRTF, dB
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where VRTF is the Video receiver transfer function. For FM links with noise

.'-..../ bandwidth B (MHz), and NTSC baseband.

VRTF =6(Fd/4.2)2 (B/4.2) p

where

Fd = Peak FM deviation

p = De-emphasis and unified noise weighting factor

= 12.9dB

For FM transmission three bandwidth values are considered here 36. 24, and 18

MHz. The corresponding allocated bandwidths are 40. 27. and 20 MHz,

respectively.

The bandwidth of 40 MHz corresponds to (primarily) C-band satellite F:\f

transmission. in 'Which the FM carrier has a bandwidth of 36 MHz. The

bandwidth of 27 MHz was chosen because this is the nominal bandwidth of a DBS

transponder. and also the FM bandwidth of Ku-band FSS links for direct-to-home

service. The bandwidth of 20 MHz was chosen to examine the results for a

narrowband FM which is commonly considered and used as a "half-transponder"

bandwidth.

Given the FM bandwidth B. the peak deviation Fd can be determined using

the Carson's rule

Fd =(B/2) • 4.2 MHz
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If B = 36 MHz (C-band transmission), the FM dl;;'liation can be set to the Carson's

value 13.8 MHz, t :t hist{,""':cally satellite operators set the value to 10.7 MHz, to

allow additional .leviation by audio subcarriers. However. t~js is not necessary,

and 'excellent reception is pOlsiole, if Fd is set to 13.2 MHz, even in the presence of

audio subcarriers. In Ipite of this, we 'vill set Fd to 10.7 MHz, since a large

number of FM receivers are set to this value. When B = 24 and 18 ~Hz, the

deviation can be set to values larger than the Carson's values 7.8 and 4.8 MHz,

respectively, since the reception is directly to home -<instead of a cable headend). It

is common to use 10% overdeviation. which yields the values 8.58 and 5.28 MHz,

respectively. Based on these observations. the following deviations are selected:

10.7 MHz, ifB =36 MHz

8.6 MHz, ifB = 24 MHz

5.3 MHz. ifB = 18 MHz

Hence the values ofVRTF can be computed, arid are given by

VRTF = 38.13 dB, ifB =36 MHz

34.47 dB. ifB = ?4 ME:

29.02 dB. ifE:: 18 MHz

We will next consider the 8NR (weighted) value required for reasonable

service quality in rain faded condition. Figure 1-4.1 shows the 8NR required for

various quality levels on the CCIR 5-point impairm( nt scale (Report 634-3. 1986..
Fig. 23):

5 = Imperceptible Impairment



4 = Perceptible, but not annoying

3 = Slightly annoying

2 = Annoying

1 = Very annoying

The solid line shown in Figure 1-4.1 can be fitted by the function

Q = (SNRl6) - 22/6

where SNR is in dB. Selected values of 8NR and Q are as follows:

SNR(dB) Quality

40.0 3.0

41.0 3.2

42.0 3.3

43.0 . 3.5

44.0 3.7

45.0 3.8

46.0 4.0

52.0 5.0

Based on this, we can choose the faded performance SNR at the fringe of a cell

criterion to be 42.0 dB, minimum (a non-faded performance of SNR=55 dB or

Quality grade 5 is expected). Hence the required CNR should be

CNR > 42.0 - VRTF, dB

7



It is also required that eNR be at least 8 dB (see Figure 1-4.2) for above-FM

threshold operation. If the above inequality becomes a strict equality, the lowest

required ERP/carrier can be determined.

AM Channels: For AM links (B • 6 MHz) the quality can be assessed by setting

VRTF to 0.0 dB, in which case the 8NR is said to be the TASOI value:

8NR(TASO) =eNR in 6.0 MHz

For AM links we will determine the minimum 8NR required from TASO

test results. The picture quality grades used in the TASO study are

SNItdB

55 Excellent

42 Fine

34 Passable

28 Marginal

21 Inferior

The relationship among quality, SNR and percent of viewers rating picture as of

stated quality or better, are shown in Figure 1-4.3(a). Based on this we can choose

an 8NR(TASO) value of 42 dB as the goal under faded condition. At this SNR, 90~

of viewers would rate the picture (Figure I-4.3(b)) as "fine", or better. A 55 dB

ratio is considered to be "excellent" and greater than the quality received at cable

head ends.

1 Television Al1ocation StUdy Organization (TASO l. "Engineering Aspects of TV
Allocation." Repon to the FCC. March. 19S9.

8



Dilital Ch8D.llela: For digital carriers, the CNR value can be used to determine

the bit error rate (BER"), and consequently the link performance level. This

depends on the type of data modulation used for compressed video transmission.

A number of possibilities exist, and they are discussed below.

a) Channel bandwidth per video carrier (B) is 6 MHz, and the modulation

method corresponds to the terrestrial diiital HDTV standard. The channel

spacing is also 6 MHz. The modulation will be a variation of 16 or 64 level QAM.

Since the standard is expected to perform satisfactorily on the FCC Grade B

(NTSC) contours of terrestrial transmission coverage, we can assume that the

CNR required in 6 MHz is the same as that which is realizable on the Grade B

contour. With FCC planning factors, the CNR value is 28 to 29 B. Hence we can

assume here that the rain faded CNR requirement is 30 dB, in 6 MHz. (Even

though NTSC performance at CNR of 30 dB is not good, diiital channels are

expected to be of good quality.) This method of transmission will be designated as

"Digital HDTV". Ciearly, such a channel will be compatible with HDTV

consumer receivers. The data rate in. the channel will be in the range of 21 to 23

Mbps.

b) In satellite transmission Quaternary Phase Shift Keying (QPSK) is a

robust modulation, which is expected to be used in compressed digital video

delivery applications. A QPSK channel with 36 and 24 MHz bandwidth can

deliver 60 and 40 Mbps of high quality data. Such a link can be used to deliver four

to eight good to excellent quality video channels. Systems of this type have been

demonstrated by several companies (General Instruments, Scientific Atlanta,

Compression Labs, and Skypix). The receiver equipment is expensive and

represents an additional commong cost factor for both wireless and cable TV. We

will now examine the feasibility of transmitting a QPSK digital carrier in 27 MHz

bandwidth, in which the carrier occupies 24 MHz. The CNR requirement, in 24

9



MHz, is taken to be 11.0 dB. This value is arrived at by noting that a rate 3/4

convolutionally encoded transmission link requires a theoretical Ebl'No of 7.0 dB

for an information bit rate of 30 Mbps, and a decoded bit error rate of 10-8. The

theoretical CNR required then is 7 + 10 log (30124), i.e., 8 dB. Adding 3 dB of

implementation margin yields the 11 dB value. The 40 Mbps channel rate can be

used for four excellent quality NTSC or two HDTV channels. This mode of

transmitting data will be designated as "QPSK modulation", with 40 Mbps per

carrier.

c) The third option is to use emerging data transmission systems that are

being developed for 6 MHz cable TV channels. Each 6 MHz channel carries about

30 Mbps of data using 64 QA.l\1 modulation or its variant. It will be assumed that

each 6 MHz can support four good quality NTSe channels. Such systems are

being developed (by e.g., Jerrold and Scientific Atlanta) primarily for pay-per-view

applications, but can also be used for four NTSe ofT-air broadcast channels. or one

: HDTV channel plus one NTSe channel. The eNR requirement will be assumed

to be 30 dB in 6 MHz bandwidth. In such a system it is expected that the set-top

box will deliver NTSC to the TV receiver on channel 3 or 4, similar to presently

used set-top converters in cable systems. This mode of transmitting will be

referred to as "64 QAM-cable modulation".

Table 1-4.1 shows the CNR requirements for the candidate modulations. It

should be pointed out that most satellite systems are designed to meet the criteria

for a SNR of 50 dB. Cable systems, including modem installations that utilize

fiber trunks have SNRs in the range of 43 to 47 dB. The Suite 12 system is

designed for a fringe area reception of 55 dB which is studio quality.
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TABLE 1-4.1
CHARACTERISTICS OF MODULATION CANDIDATES

Video Video
Allocated Carrier channels channels

Modualtion Band- Band- CNR(dB) CNR+B per in GHz
candidate width width(B) required (dB-MHz) carrier 1.0

--------- --------- -.....----- ----- ---
FM 40 MHz 36 MHz 8.0 23.56 1 25
FM 27 MHz 24 MHz 8.0 21.80 1 ~

FM 20 MHz 18 MHz 13.0 25.52 1 S)

AM 6 MHz 6 MHz 42.0 49.78 1 166
Dig. HDTV 6 MHz 6 MHz 30.0 37.78 1 166
QPSK 27 MHz 24 MHz 11.0 24.80 4 148
64Q~,r 6 MHz 6 MHz 30.0 37.78 4 664,
----------- --------- ... ....-
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5. Link ADalysis at Five Cities

The previous sections have provided the necessary technological back

ground to perform link analyses which will provide the relevant information for

comparing the system performance of the various modulation schemes.

A baseline receiving system is defined by assuming a receiver with 15 inch

parabolic dish located at the outer fringe of a cell equivalent to a 7.5 in. diameter

dish located at 0.75 of the cell diameter. The theoretical gain of the antenna at

55% efficiency, and at 28 GHz is 38 dB. The receiver noise figure (NF) will be

assumed to be 6 dB, which corresponds to a noise temperature of 894.3°K. Then

the power per video carrier at the antenna output under rain faded condition is .

C = (ERP/carrier) - 36.58·20 log 28000·20 log D

+ 38 - 0.2603 Rl.038 (plO.Ol)·OAl DIU + 0.07l5lD), dBW

where R is the rain rate in mmlhr, and p% is the unavailability (in the range 0.01

to 0.1%). The noise power N for a bandwidth, B is

N =-228.6 + 10 log B + 60 + 10 log 894.3, dBW

The CNR is given by C-N, dB. Then we can show that

ERP/carrier =(eNR + 10 log B) + 20 log D· 51.56

+ 0.2603 Rl.038 (plO.Ol)-O.41 D/(1 + 0.07151D), dBW

Tables 1-5.1 show the required values of ERP/carrier for New York and Los

Angeles for 99.9% availability at path lengths from 2 to 6 miles. Among the

candidates that carry one video channel per carrier, FM with 24 MHz bandwidth

15



''J is the most attractive candidate, and AM (terrestrial standard NTSC) is the least

attractive. It is seen that QPSK with 24 MHz bandwidth requires the least 'lmount

of ERP per channel, and also utilizes spectrum efficiently (6.75 MHz per video

channel).

Table 1-5.1 also shows power required per video channel from the

transmitting system amplifier, for two assumed transmitter antenna gains: 6 dB

for an omni directional antenna, and 18 dB for a directional antenna. It is also

assumed that there is 1 dB signal power loss between the amplifier ana the

antenna. The superiority of FM transmission, relative to AM, is evident e"en if

we compare the amplifier output power/carrier values of FM with 6 dB antl. nna

(O.695W for 24 MHz FM) to AM with 18 dB antenna (27.5W). ,
Since 1 GHz of RF bandwidth (27.5 to 28.5 GHz)' is available for service, we

can compute the video channel capacity of this bandwidth for the seven

modulation candidates. For AM to have a similar range to FM, the transmitted

:power must be 25 dB (or 316 times) greater after the appropriate backofT for proper

IMR. which at the present time is far beyond the state-of-the-art. In addition.

guard bands are required for AM to prevent intermodulation distortion from

adjacent channels. The use of repeaters is' not feasible in AM transmissions, due

to the d£:t;redation of the signal to noise ratio for each repeater and the very high

power level requirements. This is not the case for FM transmission. Although

the channel capacity appears to be greater for AM than for FM. FM transmission

allows the use of the same freauency for additional services within any given cell.

This is due to the lower susceptibility of FM to an interfering signal at the same

frequency. FM requires the desired signal to be only 15 dB greater than the

undesired signal, while AM requires the undesired signal be 42 dB iower than the

desired signal. Hence FM can be made very bandwidth efficient while requinng

substantially less power per channel. The QPSK carrier capacity, with four

It;



channels per camer, is comparable to the AM channel capacity. Unfortunately,,

this technology has not been proven for cellular wireless systems and is quite

expensive. The highest capacity is obtained if all the carriers are 64 QAM-cable

digital, with each carrier transmitting four video channels, but occupying only 6

MHz. However, as will be described later, there are serious technical problems

with 6 MHz channelized RF transmission (at 28 GHz) which, to the best of our

knowledge, require technology that does not exist now and will not exist in the

foreseeable future. Also, the performance capability of 18 MHz FM is,

technologically, well within the state-of-the-art, is low cost, and can provide a

system which is initially competitive with cable. Unlike many existing cable

systems, any innovative developments in technology or services developed for fiber

or new cable systems can also be easily employed by the wireless cellular system.

Figure 1~5.1 shows the total ERP of all the carriers as a function of the number of

video channels, for the seven candidate modulations.

Table 1-5.2 compares the cell radius for various transmitter amplifier

outputs on a per carrier basis. Note that for the same output power. FM has

transmitting ranges which are three to almost ten times greater then the AM

ranges. It should also be pointed out that a multiple channel transmitting TWTA

requires operation in the linear range. For AM, this means that the total output

power must be backed off 16 dB from the TWTA's saturated output power rating.

In the FM case this backoff only has to be 7 dB. In order to achieve the same

output power level the TWTA used for a multi-channel AM transmission requires

nine dB or almost ten times the saturated output power required for FM

transmissions. Realistically then, for the same transmitter and antenna. the FM

system will have a range which is 10 to 30 times greater than the AM system.

Figure 1-5.1 shows the total ERP of all the carriers as a function of the

number of video channels. for the seven candidate modulations.
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·\....../ Based on these computations it is recommended that video distributton will

be done using frequency modulation (FM) carriers spaced at 20 MHz. Each FM

carrier is modulated with scrambled or unscrambled NTSC video signals. The

FM bandwidth is 18 MHz. Forty-nine baseband video sources obtained from

satellite and over the air channels, are frequency modulated. The TWTA has a

single carrier saturation power rating of 100 W, and be operated at 7 dB output

power backoff. ""hus the TWTA output power per FM carrier is 0.4 w.
Experimental data shows that at 7 dB backofr the intermodulation noise generated

in any of the FM carrier frequency bands is low and is at a power level of -27.0 dB,

relative to that of a single FM carrier power. The video FM link are provided with

a carrier-to-total noise ratio (CNR) of 13.0 dB 4n the noise bandwidth of each of the

FM carriers; the total noise includes the intermodulation noise and the receiver

thermal noise. Note that a 7.5 inch reflector, which has a beamwidth of

approximately 4.20
, can be used throughout 75% of the cell area without degrad-

.ing the CNR. Results of link analysis at five cities are shown in Tables 1-5.3 to

1-5.7.
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TABLEI-S.l

TRANSMl'nER PoWER REQumEMENTS

Amplifier Output
Required Per Channel

(dSm)
Modulation ERP

Method City Distance Per Carrier Antenna Gain
(mi) (dSW) 18 ds 6 ds

------- ------- -------
FM (36 MHz) LA 2.0 -15.93 -2.93 9.07
Fl'I (36 11Hz) LA 3.0 -9.92 3. 08 15.08
Fl'I ( 36 l'IHz) LA 4.0 -5.21 7.79 19.79
FM (36 MHz) LA 5.0 -1.29 11.71 23.71
FM ( 36 MHZ) LA 6.0 2.08 15.08 27.08
Fl'I ( 36 KHz) NY 2.0 -11.19 1.81 13. 81
Fl'I (36 MHz) NY 3.0 -3.23 9.77 21.77
F!'I ( 36 MHZ) NY 4.0 3.22 16.22 28.22
Fl'I ( 36 !'1Hz) NY 5.0 8.69 21. 69 33.69
Fl'I ( 36 MHz) NY 6.0 13.45 26.45 38.45

FM (24 KHz) LA 2.0 -17.69 -4.69 7.31
F!'I (24 KHz) LA 3.0 -11. 68 1. 32 13.32
Fl'I (24 MHz) LA 4.0 -6.97 6.03 18.03
FM (24 MHz) LA 5.0 -3. 05 9.95 21. 95
FM (24 MHz) LA 6.0 .32 13.32 25.32
FI'I (24 MHz) NY 2.0 -12.95 .OS 12.05
FM (24 MHz) NY 3.0 -4.99 8.01 20.01
FM (24 MHz) NY 4.0 1. 46 14.46 25.46
FM (24 MHz) NY 5.0 6.93 19.93 31. 93
FM (24 MHz) NY 6.0 11.69 24.69 36.69

F!'I (18 MHz) LA 2.0 -13.97 -.97 11. C3
FM (18 MHz) LA 3.0 -7.96 5.04 17. 04
Fl'I (18 MH:) LA 4.0 -3. 25 9.75 21.75
FM ( 18 MHz) LA 5.0 .67 13.67 25.67 .
FM (18 KHz) LA 6.0 4.04 17.04 29.04
Fl'I (18 MHz) NY 2.0 -9.23-' 3.77 15.77
FM (18 MHz) NY 3.0 -1. 27 11. 73 23.73
Fl'I (18 MHz) NY 4.0 5.18 18 .18 30.18
Fl'I (18 MMz) NY 5.0 10.65 23. 65 35.65
FM 08 MHz) NY 6.0 15.41 28.41 40.41

Terrestrial AM (6 MHz) LA 2.0 10.29 23.29 35.29
Terrestrial AM (6 RHz) LA 3.0 16.30 29.30 41. 30
Terrestrial AM <a RBz) LA 4.0 21.01 34.01 46.01
Terrestrial AX <a Rlz) LA 5.0 24.93 37.93 49.93
Terrestrial All ( 6 RHz) LA 6.0 28.30 41. 30 53. 30
Terr•• trial All (6 Oz) NY 2.0 15.03/ 28.03 40.03
Terre.trial All (6 Rlz) NY 3.0 22.99 35.99 47.99
Terre.trial All (a az) NY 4.0 29.44 42.44 54.44
Terre.trial All (6 az) NY 5.0 34.91 47.91 59.91
Terrestrial All (6 RI:) NY 6.0 39.67 52.67 64.67

Digital BDTV (6 IUIz) LA 2.0 -1. 71 11.29 23.29
Digital HDTV ( 6 Rlz) LA 3.0 4.30 17.30 29.30
Diqi tal BDTV (6 RBz) LA 4.0 9.01 22.01 34.01
Diqital BDTV (6 IUIz) LA 5.0 12.93 25.93 37.93
Oiqi tal BDTV (6 Klz) LA 6.0 16.30 29.30 41. 30
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TABLE I-a.!
'I'RANSMlI'IER POWER REQUIREMENTS (CONTINUED)

Amplifier Output
Required rer Channe

(d!lIl)
Modulation Ell,

Method City Distance rer Carrier Antenna Gain
(lIli) (daW) 18 dB 6 dS------- ------- -------

Digi tal HDTV ( 6 MHz) NY 2.0 3.03 16.03 28.03
Diqi tal HDTV ( 6 MHz) NY 3.0 10.99 23.99 35.99
Digi tal HDTV (6 MHz) NY 4.0 17.44 30.44 42.44
Digital HDTV (6 MHz) NY 5.0 22.91 35.91 47.91
Digi tal HDTV (6 MHz) NY 6.0 27.67 40.67 52.67

64 OAl'! - Digital ( 6 MHz) LA 2.0 -1. 71 5.27 17.27
64 OAM - Oi9i tal (6 MHz) LA 3.0 4.30 11.28 23.28
64 OAl'! - Oiqital (6 MHz) LA 4.0 9.01 15.99 27.99
64 OAl'! - Oiqital (6 MHz) LA 5.0 12.93 19.91 31. 91
64 CAM - Oiqital (6 MHz) LA 6.0 16.30 23.28 35.28
64 OAM - Oiqital (6 MHz) NY 2.0 3.03 10.01 22.01
64 OAl'! - Diqital ( 6 MHz) NY 3.0 10.99 17.97 29.97
64 OAM - Oiqital ( 6 MHz) NY "4.0 17.44 24.42 36.42
64 CAM - Digital ( 6 MHz) NY 5.0 22.91 29.89 41. 89
64 CAl'! - Oigi tal (6 MHz) NY 6.0 27.67 34.65 46.65

OPSK ( 24 MHz) LA 2.0 -14.69 -7.71 4.29
QPSK ( 24 MH:) LA 3.0 -8.68 -1. 70 10".30
OPSK (24 MHz) LA 4.0 -3. 97 3. 01 15.01
OP5K (24 MHz) LA 5.0 -.05 6.93 18.93
OPSK ( 24 MHz) LA 6.0 3.32 10.30 )2.30
OPSK ( 24 MHz) NY 2.0 -9.95 -2.97 9.03
OPSt< ( 24 MHz) NY 3.0 -1. 99 4.99 15.99
C?SK ( 24 !'!H: ) NY 4.0 4.4f 11. 44 23.44
Q?SK (24 ME:) NY 5.0 9.93 16.91 26.91-
QPSK (24 MH:) NY 6.0 14.69 21.67 33.67
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TABLE 1-5.2

CELL RADIUS IN MILES FOR SELECTED VALUES OF TRANSM1Tl1NG
AMPLIFIER POWER OUI'PUI' PER CARRIER.

Transmitter antenna gain: 10 dB

Rain availability: 99.9%

Receiver dish diameter: 15 inches

Power

New York

AM FM FM FM

Los Ani'eles

AM FM FM FM

(dBm) 6 36 24 18 6 24 18

5

10

15

0.2 1.6 1.8 1.4

0.3 2.1 2.3 1.9

0.5 2.7 3.0 2.5

Q.7 3,5 3,8 3,2
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0.2 2.1 2.4 1.9

0.4 3.0 3.4 2.6

0.6 4.0 4.5 3.6



\-.....,./ Table 1·5.3

Suite 12VIdeo DUtributioD System UDk ADalysia

City: New York

sw.crn.rDIah SuIB::riberDish
DIameter: 7.5 iDch Diameter: 15 Inch

l. Transmitting RF amplifier power
per FM channel, dBW 4.0 -4.0

2. Transmitting antenna feed loss, dB 1.0 1.0

3. Transmitting antenna gain, dBi 10.0 10.0

4. Cell Radius. miles 3.0 3.9
Cell Diameter, miles 6.0 7.8

5. Free space loss (at 28 GHz), dB 135.1 137.3

6. Receiver antenna gain, dBi 32.0 38.0

7. Boltzmann's constant, dBWlKIHz -228.6 -228.6

8. Bandwidth (18 MHz), dB-Hz 72.6 72.6

"9. Receiver noise temperature, dBK 29.5 29.5

10. Carrier-to-Noise Ratio (CNR), dB 28.4 32.2

11. Rain rate for 0.01% mmlhr 52.4 52.4

12. Rain attenuation (99.9% availability), dB 15.0 18.6

13. Rain faded CNR, dB 13.4 13.6

14. Video Receiver Transfer Function, dB 29.0 29.0

15. Clear weather Video SNR1), dB 53.6 54.8

16. Rain faded SNR1), dB 42.2 42.4

1) Includes intermodulation noise produced by the transmitter TWTA.
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Table 1-5.4

Suite 12"Video Distribution System LinkAaalysis

City: Boston

Sw.eriberDish Sub8criber Dish
Diameter: 7.5 inch Diameter: 15 inch

1. Transmitting RF amplifier power
per FM channel, dBW -4.0 -4.0

2. Transmitting antenna feed loss, dB 1.0 1.0

3. Transmitting antenna gain, dBi 10.0 10.0

4. Cell Radius, miles 3.1 4.1
Cell Diameter, miles 6.2 8.2

5. Free space loss (at 28 GHz), dB 135.3 137.8

6. Receiver antenna gain, dBi 32.0 38.0

... Boltzmann's constant, dBWlKIHz -228.6 -228.6I.

8. Bandwidth (18 MHz), dB-Hz 72.6 72.6

9. Receiver noise temperature, dBK 29.5 29.5

10. Carrier-to-Noise Ratio (CNR), dB 28.2 31.7

11. Rain rate for 0.01% mm/hr 49.0 49.0

12. Rain attenuation (99.9% availability), dB 14.4 18.0

13. Rain faded CNR, dB 13.8 13.7

14. Video Receiver Transfer Function, dB 29.0 29.0

15. Clear weather Video SNRl), dB 53.5 54.7

16. Rain faded 8NR1), dB 42.6 42.5

1) Includes intermodulation noise produced by the transmitter TWTA.
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Tab1eleU

Suite 12 Video Dlstribatloa s,.cem IJDk ADalysis

City:U. ADpJe8

S1DcriberDIsh SuIB:riberDish
Diameter: 7.s iDch Diameter: 15 inch

1. Transmitting RF amplifier power
per FM channel, dBW -4.0 -4.0

2. Transmitting antenna feed loss, dB 1.0 1.0

3. Transmitting antenna gain, dBi 10.0 10.0

4. Cell Radius, miles 4.5 6.0
Cell Diameter, miles 9.0 12.0

5. Free space loss (at 28 GHz), dB 138.5 141.1

6. Receiver antenna gain, dBi 32.0 38.0

7. Boltzmann's constant, dBWlKIHz -228.6 -228.6

8. Bandwidth (18 MHz), dB-Hz 72.6 72.6

9. Receiver noise temperature, dBK 29.5 29.5

10. Carrier-to-Noise Ratio (CNR), dB 25.0 28.4

11. Rain rate for 0.01% mm/hr 30.0 30.0

12. Rain attenuation (99.9% availability), dB 11.6 14.3

13. Rain faded CNR, dB 13.6 14.1

14. Video Receiver Transfer Function, dB 29.0 29.0

15. Clear weather Video 8NR1), dB 51.9 54.8

16. Rain faded 8NRl), dB 42.4 42.9

.
1) Includes intermodulation noise produced by the transmitter TWTA.

24



Table 1-5..6

Suite 12 Video Distribution System UakADalysis

City: SaD Fnmci8co

Sw.:riber Dish Sw.eriber Dish
DIameter: 7.5 iDch Diameter: 15 inch

1. Transmitting RF amplifier power
per FM channel, dBW -4.0 -4.0

2. Transmitting antenna feed loss, dB 1.0 1.0

3. Transmitting antenna gain, dBi 10.0 10.0

4. Cell Radius, miles 4.5 6.0
Cell Diameter, miles 9.0 12.0

5. Free space loss (at 28 GHz), dB 138.5 141.1

6. Receiver antenna gain, dBi 32.0 38.0

7. Boltzmann's constant, dBWlK/Hz -228.6 -228.6

8. Bandwidth (18 MHz)! dB-Hz 72.6 72.6

9. Receiver noi,e temperature, dBK 29.5 29.5

10. Carrier-to-Noise Ratio (CNR), dB 25.0 28.4

11. Rain rate for 0.01% mmlhr 30.0 30.0

12. Rain attenuation (99.9% availability), dB 11.6 14.3

13. Rain faded eNR, dB 13.6 14.1

14. Video Receiver Transfer Function, dB 29.0 29.0

15. Clear weather Video 8NRl), dB 51.9 54.8

16. Rain faded 8NRl), dB 42.4 42.9

1) Includes intermodulation noise produced by the transmitter TWTA.
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Tablel-L7

Salte 12 Video DlMributloD S)'IItem LiDk ADa1yBis

City: Chicqo

sw.:rn--Di8h Sut.criberDish
Diameter: 7.5 iDch DIameter: 15 inch

L Transmitting RF amplifier power
per FM channel, dBW -4.0 -4.0

2. Transmitting antenna feed loss. dB 1.0 1.0

3. Transmitting antenna gain. dBi 10.0 10.0

4. Cell Radius. miles 3.0 3.9
Cell Diameter. miles 6.0 7.8

5. Free space loss (at 28 GHz). dB 135.1 137.3

6. Receiver antenna gain. dBi 32.0 38.0

7. Boltzmann's constant, dBWlKIHz -228.6 -228.6

8. Bandwidth (.18 MHz), dB-Hz 72.6 72.6

. 9. Receiver noise temperature. dBK 29.5 29.5

10. Carrier-to-Noise Ratio (CNR). dB 28.4 32.2

11. Rain rate for 0.01% mmlhr 52.0 52.0

12. Rain attenuation (99.9% availability). dB 14.9 18.4

13. Rain faded CNR. dB 13.5 13.8

14. Video Receiver Transfer Function. dB 29.0 29.0

15. Clear weather Video 8NRl), dB 53.6 54.8

16. Rain faded 8NRl). dB 42.3 42.6

1) Includes intermodulation noise produced by the trans~itterTWTA.
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